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Alterations in TSH and Thyroid Hormones following Mobile Phone Use
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Introduction

Electromagnetic radiation in radiofrequency (RF) region 
has long been used for different types of information exchange. 
Rapidly increasing use of wireless communication systems has 
caused a growing public concern about possible health effects of 
electromagnetic fields (EMFs), particularly because the mobile 
phones operate in close proximity to the brain.1,2 Mobile (cell) 
phones are low power, single channel two-way radios that emit 
signals via electromagnetic waves.

The number of mobile phone users has dramatically increased 
throughout the world during the past decade and in some 
industrialized countries such as Japan and the United Kingdom, 
over 50% of the population use mobile phones.2,3 Cell phones are a 
relatively new technology. Therefore, scientists do not yet have long-
term follow-up on their possible health effects.4 As physiological 
functions of human body are regulated by electric currents, it can 
be expected that placing the human body within electromagnetic 
field of sufficient strength may affect physiological processes.5

While the vast majority of the recently conducted research 
projects have focused on cancer, electromagnetic fields are also 

suspected as potential cause of ailments such as sleep disorders, 
headaches or allergy-like symptoms.6 It was previously found 
that  there was no association between the exposure to microwave 
radiation emitted by mobile phones or EMFs induced by some 
other major sources of electromagnetic fields and self-reported 
illness symptoms.7 It was also reported that microwave radiation 
emitted by mobile phones may increase the level of mercury; the 
most non-radioactive toxic element, released from dental amalgam 
restorations.8

Regarding the endocrine system, the sensitivity of pineal 
gland, pituitary gland, adrenal gland and thyroid gland as well as 
of the endocrine pancreas, testicles and ovaries to EMFs have been 
investigated.9-21 The thyroid gland is one of the most exposed and 
vital organs and may be a target for any type of electromagnetic 
radiation.22 It has been established that even a small change in 
thyroid hormone levels circulating in the blood are sufficient to 
alter the brain function of subjects.23-24

However, there is only one published paper that reports the 
effect of microwave radiation emitted by mobile phones on rats' 
thyroid gland hormones.25 Considering the lack of data on the 
effects of GSM mobile phone-induced electromagnetic fields on 
the TSH and thyroid hormones in humans, the aim of the present 
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study is to assess the potential alterations of thyroid hormones 
after exposure to microwave radiation emitted by mobile phones.

Methods

Following applying medical ethics codes of Shiraz University of 
Medical Sciences and the informed consents of the subjects, 23 
male and 54 female healthy university students participated in this 
study. The main characteristics of the participants are summarized 
in Table 1.

Table 1: Demographic Data of the Participants.

Parameter Descriptions

No. of Participants 77

Age (Mean ±SD) 22.82±2.52 Ranged 19.00-29.00

Sex 23 Males (29.9%), 54 Females (70.1%)

Marital Status 15 Married (19.5%) and 62 Single (80.5%)

Major

25 Radiology Students (33.3%)
50 Other Majors Including laboratory 
sciences, operating room, Nursing, 
obstetrics, medical records (66.7%)

Inclusion criteria included Age greater than or equal to 18 years, 
male or female and written informed consent. Exclusion criteria 
included patients with thyroid disease, using drugs that interfere 
in thyroid function, oral contraceptives, anticonvulsants, pregnancy 
and other conditions that are known to affect thyroid function tests. 
Random sampling was used to avoid any selection bias. A pilot 
study was conducted to determine the sample size.

The students were divided into 3 different groups; those whose 
average daily use of their mobile phones in talk mode was 5-20 
minutes (Study Group 1, 25 individuals); those who used mobile 
phones more than 120 minutes (Study Group 2, 31 individuals) 
and finally, those who had not used mobile phones before the study 
(Control group, 21 individuals). Every effort was made to make 
the three groups comparable in key characteristics. In this regard, 
confounding factors such as exposures from other sources of RF 
fields in the environment that can give exposures as large as those 
from cell phones were studied.

On the other hand, proximity to base stations which have a 
huge effect on power output of phones (the adaptive power control 
to minimize power output and to maximize the battery life) as well 
as the numbers of calls being handled by a base station at any one 
time (traffic density) were taken into account. For each student, 
a questionnaire regarding his/her possible sources of exposure 
to electromagnetic fields or microwave radiation, specially the 
pattern of mobile phone use, medical history and life style was 
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recorded. The levels of T3, T4 and TSH were measured by using 
appropriate ELISA kits (Human, Germany). Relevant statistical 
tests (independent Student-t, ANOVA, and regression analysis) 
were performed using Statistical Package for Social Sciences 
(SPSS, version 15.0) at P<0.05 as the significant level.

Results

The students who participated in this study were aged 19-29 years 
(22.82±2.52; Mean±SD). The average number of daily calls and the 
average duration of each call in the group 1 were 3.39±1.87 (ranged 
1-10), and 4.23±2.01 (ranged 1-10) respectively. The average 
number of daily calls and the average duration of each call in the 
group 2 were 6.54±5.64 (ranged 2-30), and 31.96±22.31 (ranged 
4-120), respectively. The average daily mobile phone use times in the 
study groups 1 and 2 were 12.68±5.24, 147.4±53.91 respectively. 
In group 1, the minimum and maximum period of mobile use was 6 
months and 5 years (2.06±1.33 years; Mean±SD). In group 2, the 
minimum and maximum periods of mobile use were 1 and 10 years 
(2.90±2.40 years; Mean±SD) respectively.

The average levels of T3, T4 and TSH in the students of group 
1 were 1.25±0.27 ng/ml (ranged 0.9-2), 7.76±1.73 µg/dl (ranged 
1.3-9.6) and 4.25±2.12 µu/l (ranged 1.9-10.1) respectively. The 
average levels of T3, T4 and TSH in the students of group 2 were 
1.18±0.30 ng/ml (ranged 0.8-1.8), 7.75±1.14 µg/dl (ranged 6-11) 
and 3.75±2.05 µu/l (ranged 1.5-10.0) respectively. The average 
levels of T3, T4 and TSH in the students of control group were 
1.15±0.27 ng/ml (ranged 0.8-1.7), 8.42±2.72 µg/dl (ranged 5.1-
18.1) and 2.70±1.75 µu/l (ranged 0-6.8), respectively.

Analysis of Variance (ANOVA) test could not show any 
statistically significant difference among the levels of T3, and T4 
in the participants of the 1st, 2nd and the control groups (Table 2).

Table 2: Comparison of T3, T4 and TSH levels in the 1st, 2nd and 
the Control Groups.

T3(ng/ml) T4(microg/dl) TSH(MIU/L)

Group 1 1.25±0.27 7.76±1.73 4.25±2.13

Group 2 1.18±0.30 7.75±1.14 3.75±2.05

Control 1.15±0.27 8.42±2.72 2.70±1.75

P-Value
(ANOVA test)

NS NS P<0.05

NS: Not Significant

However, the observed difference among the levels of TSH 
in these 3 groups was statistically significant (P<0.05). Taking 
only 2 groups into account and moving from ANOVA to t-test, 
the observed differences between the levels of T3, T4 and TSH in 
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significant relationship between the average years of using mobile 
phones and the levels of T3, T4 and TSH in the participants of the 
1st and the 2nd groups.

Figure 1: The Levels of T3, T4 and TSH in the 1st, 2nd and Control 
Groups (ANOVA test).

Discussion

Despite years of research the question of whether exposure to 
microwave radiation emitted by mobile phones affects human 
health remains unsolved. The primary outcome measures of this 
study were levels of TSH, and thyroid hormones T3 and T4. As 
far as the scope of this study, this is the first human study to assess 
the associations between mobile phone use and alterations in the 
levels of TSH and thyroid hormones. According to this study, 
a significant difference in the mean levels of TSH was observed 
between sever users and the control group as well as moderate users 
and the control group. Based on these results, it may be concluded 
that electromagnetic fields emitted by mobile phones may cause 
some detrimental effects on thyroid function.

TSH assessment plays a critical role in diagnosis of thyroid 
disease. This is due to the fact that the rate of TSH secretion 
is highly sensitive to the plasma concentration of free thyroid 
hormones. In this light, TSH assessment provides a precise and 
specific barometer of thyroid status of patients. Patients with 
thyroid dysfunction always have abnormal TSH levels. Patients 
with primary thyroid hypothyroidism have serum TSH level 
that ranges from a minimally elevated to 1000 miu/l. In general, 
the extent of elevation in TSH level correlates with the severity 
of hypothyroidism. In patients with a minimal degree of thyroid 
dysfunction along with few if any symptoms, the free T4 and free 
T4 index are typically within low normal range, while serum T3 
concentrations are within the normal range. Such individuals with 
moderate TSH elevation are said to have subclinical hypothyroidism 

the participants of the 1st and the 2nd groups were not statistically 
significant. (Table 3)

Table 3: Comparison of T3, T4 and TSH levels in the 1st and the 
2nd Groups.

T3(ng/ml) T4(microg/dl) TSH(MIU/L)

Group 1 1.25±0.27 7.76±1.73 4.25±2.13

Group 2 1.18±0.30 7.75±1.14 3.75±2.05

P-Value
(Student>s t-test)

NS NS NS

NS: Not Significant

In the same way, the differences between the levels of T3, 
and T4 in the participants of the 1st and the control groups were 
not statistically significant (Table 4). Similarly, the differences 
between the levels of T3, and T4 in the participants of the 2nd and 
the control groups were not statistically significant. (Table 5)

Table 4: Comparison of T3, T4 and TSH levels in the 1st and the 
Control Groups.

T3(ng/ml) T4(microg/dl) TSH(MIU/L)

Group 1 1.25±0.27 7.76±1.73 4.25±2.13

Control 1.15±0.27 8.42±2.72 2.70±1.75

P-Value
(Student>s t-test)

NS NS P<0.01

NS: Not Significant

Table 5: Comparison of T3, T4 and TSH levels in the 2nd and the 
Control Groups.

T3(ng/ml) T4(microg/dl) TSH(MIU/L)

Group 2 1.18±0.30 7.75±1.14 3.75±2.05

Control 1.15±0.27 8.42±2.72 2.70±1.75

P-Value
(Student>s t-test)

NS NS P<0.05

NS: Not Significant

However, the differences between the levels of TSH in the 
participants of either the 1st and the control groups (P<0.01); 
or the 2nd and the control groups (P<0.05) were statistically 
significant (Tables 3 and 4). The results obtained in this study 
are summarized in Fig. 1. Regression analysis did not show any 
significant relationship between the average daily call time and the 
levels of T3, T4 and TSH in the participants of the 1st and the 2nd 
groups (all mobile users). Similarly, the results did not find any 
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if the free T4 is in the normal range. These findings indicate minor 
thyroid decompensation with a compensatory increase in TSH 
secretion.26

Based on the study, the findings showed a higher than normal 
TSH level, low mean T4 and normal T3 concentrations in mobile 
users, it seems that minor degrees of thyroid dysfunction with a 
compensatory rise in TSH may occur following excessive use of 
mobile phones. It may be concluded that possible deleterious effects 
of mobile microwaves on hypothalamic-pituitary-thyroid axis 
affects the levels of these hormones. In this light, hypothalamus 
or pituitary gland does not play any role directly, because if there 
were any deleterious effects on hypothalamus or pituitary glands, 
TSH and T4 levels would be lower than normal, a situation that is 
in contrast with the study findings.

Burchard et al. investigated the effect of electromagnetic fields 
on blood thyroxin in dairy cattle.27 Based on the results obtained in 
this study, exposure of dairy cattle to 10 kV/m 30 µT EMF altered 
the blood thyroxin level. Although this study has some similarities 
with the current investigation, TSH level that is a much more 
sensitive criterion than T4 for assessment of thyroid function was 
not evaluated. The results obtained by Burchard et al. denote that 
EMF may have some deleterious effects on thyroid function; the 
same point found in the current study.

On the other hand, in another study conducted by Rajkovic 
et al. the sensitivity of male rat thyroid gland to an extremely low 
frequency electromagnetic field (ELF-EMF) was assessed.28 The 
investigators evaluated morphophysiological criteria to determine 
the ability of thyroid gland to repair after exposure interval. This 
experiment revealed that serum T3 and T4 concentrations were 
significantly lower in all exposed animals except in those that were 
recovered morphologically but not physiologically. The results 
from this study as well as those obtained in the above mentioned 
reports; generally confirm the concept that EMF alters the thyroid 
function.

In another study, Koyu et al. assessed the effect of 900 MHz 
microwave radiation on TSH, T3 and T4 levels in rats.25 In this 
study, exposures were made by a mobile phone simulator. It was 
shown that irradiated rats had significant lower levels of TSH, 
T3 and T4 hormones. While the current study could not detect 
any significant change in T3 or T4 level, Koyu reported significant 
lower levels. Furthermore, Koyu also reported a lower level of 
TSH in irradiated rats but in the current study TSH levels in 
mobile phone users (sever or moderate) was significantly higher 
than those of the control group. The findings regarding T3 and 
T4 levels are clearly in contrast with Koyu’s results. This may be to 
the point that the results obtained in animal model studies cannot 
accurately extrapolated to humans.

A much more recent study conducted by Sinha assessed the effect 
of leakage microwave (2450 MHz) radiation on thyroid hormones 
and behavior of male rats.22 In this experiment, hormonal blood 
levels of T3 decreased on the 16th day and T4 increased on the 
21st day. Sinha concluded that low energy microwave irradiation 
may be harmful as it is sufficient to alter the levels of thyroid 
hormones. As thyroid hormones are reported to interact with 
other neurohormones, the involvement of other neurotransmitters 
and hormonal systems in altered animal behavior following low 
energy, no thermal chronic microwave exposure cannot be ruled 
out.22 The main limitation of this study was the small sample 
size. Although the results should be verified in large scale future 
studies, these findings confirm the observations reported by only a 
few researchers who had previously assessed this subject.

Conclusion

Lack of ionizing radiation and the low energy level emitted from 
cell phones had initially led to this public perception that mobile 
phone use was safe. However, the dramatic increase in the use 
of cellular phones has generated great concerns about potential 
adverse effects.

Results obtained from this study, as the first human study 
on this topic, showed a significant alteration of TSH level in 
mobile phone users compared to those who had not used mobiles 
previously. Theses findings confirm early reports that showed 
alterations of TSH or thyroid hormones following exposure to 
EMF sources. Further large-scale research is required to clarify the 
extent of alteration caused by mobile phone use on the function of 
human glands.
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